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MEASUREMENT OF LOW-ENERGY PARTICLES
BY THE MARS-2 AND MARS-3 PLANETARY PROBES.
| II. PRELIMINARY RESULTS

0.L. Vaysberg et al.

One of the tasks of the Mars-2 and Mars-3 spaceciafitiwasrto /TU3®
research into the plasma of solar wind during the flight from
Earth to Mars and in the close vicinity of Mars when the satellite
was orbiting the planet. This experiment had to be carried ouft
since there was relatively I1ittle information on the properties
of solar wind plasma at distances greater than 1.2 A.U., algthough
attempts to carry out this measurement had been done earlier. In
1964, the American Mariner-4 spacecraft had been launched towards
Mars, and contained an instrument for studydng the characteristics
of hot plasma [1]. However, malfunctioning meant that only a
limited amount of relilable information was obtalned from the
instrument and the quality was poor. Therefore, it was not
possible to obtalin a complete answer to zll the questions posed
during preparation of the experiment, especially, to determine
the characteristics of plasma flows near Mars.

However, magnetic measurement, carried out by the same
spacecraft, was complete and a significant abrupt disturbance of
the magnetic fleld was recorded in the close vicinity of Mars.
The disturbance is similar to that which was observed in inter-
planetary shock waves, although it was impossible to give a
simple answer, merely by magnetic data, as to whether this dis-
turbance was caused by the planet or whether it was similar to
disturbances which had heen frequently observed before this in
the interplanetary medium during the flight from Earth to
Mars [2] (see also the discussion in work [3, 4]). Measurement
conducted on Mariner-4 made it possible to give a high valuation
to the dimenslon of the magnetic Qipple_mqmeqt‘Qf‘Mars_(a-quu of

¥Numbers in the margin indicate paglnation in the foreign text.



that of Earth) and the dimenslons of its magnetosphere [2, 3].

During subsequent flights to Mars in the Mariner seriles, — /T44
there was no equipment for measuring plasma characteristics
and the magnetic field. However, measurements were made of
atmospheric density and. the electron concentration in the ionos-
bhere by radio illumination. The profile of electron concentration
in the ionosphere of Mars was obtalned by this measurement [5].
The maximum electron concentration, 1.5-1055 cm3, is attalned at
an altitude of 130-150 km; the characterlistic scale of the
lonosphere was 20-25 km. Thls amount of electron concentration
gives sufficient electron pressure for the lonosphere to reduce
the flow of solar wind and cause a boundary shock wave in the
transition area. Results of these calculations, made by Spreiter
et al. [4], give reason to suppose that the head of the shock

wave 1s BQOOkEmiI'from the planet's surface.

In aimnumber of works, the need is indicated to take into
account the conductivity of flows in the atmosphere when investi-~
gating problems on solar wind around Mars (see, for example [6])}.
Therefore, before the Mars-2 and Mars-3 spacecraft were lauhched,
there was only a limited amount of Information on the interactiocn
of solar wind on Mars and phenomena which accompany this. And
elongated elliptical orbit is the most suitable to measure plasma
and the magnetic field. Here, one can carry out measurement at
various altitudes and in various interaction areas, including at
relatively short distances from the planet, where the boundary,
disturbing the solar wind must lle.

Another very interesting possibllity which arises when
launching spacecraft to planets outslde of the solar system is
the study of the effects of the Interaction of solar wind on
the Earth's magnetosphere at great distances. #hishort time
after launch, the vehlcle is 1In an area beyond Earth below the



Plasma flow. The first measurements of this type were carried

out by the American Pioneer-7 and Pioneer-8 spacecraft at
distances of 6 million and 3 million km, respectively [7, 8].
Instruments set up In these stations registered anomalous

lon spectra where the tall was expected to be, and these differed
Substantially from ion spectra of solar wind. Apart from this,

a signflcant decrease in flows ta a level lewer than the threshold
of the instruments and uncorrelated variations of plasma flow and
the magnetic fleld were recorded [9]. This was interpreted as

the intersection of the Earth's plasma wake.

When Mars-2Z and Mars-3 were on a flight to Mars, they passed
thls zone 2 months after launching at a distance of approximately
20 million km. Studying this phénomenon at significantly dif-
ferent distances,makes 1t possible to study the relaxation in
solar wind plasma, and the possible reconnection of lines of
force and the heatlng of plasma linkéd with them.

A third question which was studled during the flight was
that of the dynamics of solar wind and geomagnetic activity linked
with #t.. Up untll now, measurement of solar wind between
Farth and Mars orblts has only been done to a limited extent on
Mariner-4 [1]. The first results of this measurement are shown
in [9-13].

Measurement in the Solar Wind

Regular measurement of energy spectra of solar wlnd particles
was done durling the whole flight of the Mars-~2 and Mars-3 space-
craft towards Mars. Electrostatic analyzers were switched on
during the Earth-Mars course,basically at a frequency of three
times per hour (on some parts of the course, this frequency was
six times per hour). When the instrument was switched on once,
measurement of two complete energy spectra was done. The time '5155
for obtalning oné spectrum was 32 seconds. Two measurements



with an average count speed having a time interval of 3.5 sec

was done for each spectrum on each energy stage. When two

counts Tollowed each other with a relatively short time Interval
on one and the same energy stage, it was possible to eliminate
the effect of transient processes in an instrument, which were
considerable when measuring small flows, during result processing.

Processing of spectra obtalned was done on an electronic
digital computer. Translent processes were calculated on the
basis of the well-known transient characteristic of an instrument,
on the suppositilon that during a time of 3.5 sec, the flow of
solar wind particles would not significantly change.

An Important aspect when studying solar wind 1s experimental
research into all types of irregularities of particle flow.
Rapldly changing (small-scale) disturbances must affect primarily
the shape of energy spectra particles. Therefore, research into
the shape of spectra and isolating the range of measurements
was included 1n the program of machine processing of the results,
where the occurrence of unusual spectra of positive ions, the
shape of which was quite different from the well-known shape
of the @%on spectrum of an undisturbed solar wind, was observed.

As 1s known (see, for example,jif14]), an ion spectrum of
undisturbed solar wind, obtained by an electrostatic analyzer
has several maxima on some part of the scale E/q (E = energy,

q = particle charge), the relative posiltion of which does not
change with time. (For ease of identification in the fusure,
we shall write E instead of E/q.) It is knowh that the main
maximum {greatest in value} occurs when E =,EO,$is@aauséd by
protons, with a maximum E = 2E, form He** fons, and maxima with
greater value E are found in heavy ions. When E < Ey - AE (AE
is the width of the main maximum (hardly any charged particles



Were observed. Therefore, when analyzing spectraaby signs, by
which the spectrum ought to belong to a disturbed plasma, there
were: a large relative width of the main maximum; flow values
lef't of the main maximum, exceeding a certaln threshold, linked
with the presence of small energy particles, and also abormally
large flow values to the right of the main maximum, which could
not be explained by the presence of a-particles or heavier lons.
Only one of these signs listed above would be considered suf-
ficlent to include the spectrum as an "unusual' one.

In Fig. 1 is shown a typical spectrum of undisturbed solar /746
wind, measured by the Mars-3 spacecraft. Examples of didsturbed
spectra can be seen below in Fig. 5.

The program for processing spectra envisaged the determina-
tion of the speed of solar wind, the temperature and concentration
of protons and ions of hellum for each measured spectrum (an
arbitrary concentration was calculated, so that the instrument
did not record a compléte particle flow).

When calculating these parameters, the following approxima-
tions were made. It was considered that the main maximum in a
spectrum of positively charged particles is caused by protons.
The contribution of helium to¢ readings of the power channel,
closest to the maximum and situated to the right of it, was
calculated according to the formula:

LT 1)

, - 4-IH.I\-:_ 1 .) =
el £ (Gt )

D (im0 (1)

where imax 1s the number of the channel with a maximum readlng;
I,.C

He imax + 1) is the contribution of He™™ o the reading.of the
channel with a number 1 . . + 1; E(i) 1s the energy level (in
protons) of the i-th channel; I(i) 1is the reading of the 1-th
channel, i.e., the contribution of the low energy wing Hett to

the high energy wing Hf was taken as belng equal to the reading
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Fig. 1. A typical spectrum of
undisturbed solar wind, meas-—
ured by the Mars-3 spacecraft,
29 Jun 1971. The calculated
value of parameters for this
speatrum: speed of solar wind
Vg = U414 km/sec; proton tem-
perature T, = 6.45 ev; tem-
perature ol a-particles Ty =

= 24.3 ev; ratio of concentra-
tion ofug~particles to the
concentration of protons

na/np - 2%.

Key: a. Count speed, im
impulses/sec
b. E/q, kev/electron
charge

in the hlgh energy wing rett.
The coefficient when I(ip. . + 3)
in this very approximated
formula takes into account the
proportion of the energy
window AE of energy E for an

electrostatic analyzer.

The iInaccuracy in the
evaluation of relative contribu-
tion of ilonsg of He++ and H+ in
the reading of the channel with
number imax
of cases does not introduce a

+ 1, in the majority

significant error into deter-
mining the proton parameters,
since the value (1) is small,
but whenddetermining the helium
parameters, the error linked
with this approximation is
significant. Nevertheless,

the values of helium parameters
obtained by this simple method
described here can be used for
preliminary evaluation of the
average values of these dimensions
on a great number of spectra.

In order to calculate parameters, formulas were used obtained
by assuming the convected isotropic Maxwellian distribution of

particles.
angular factork,.

Here, for an electrostatic analyzer with a small
. the reading in the i%@ﬁ‘en%rgy-channel‘dausea

by protons-is'shown'by‘the'formula:

1
Q << 2T/E.

Formula (2) is justified for analyzers with an angiilar factor of
For analyzers used § ~ 3-10-3

ster.
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where Ip(i) is the reading on the i-th energy channel .caused by
protons; my, is the mass of a proton; np is the concentration;

Tp ds the temperature of protons;'EOlis the energy of a proton
moving with average mass velocity: Ei is the energy level; AEi

1s the solution of the i energy channel; § is the solid angle

of the instrument; § is the average angular transmisslon area;

¢ 1s the angle between the mass velocity vector and themnormal !
‘to'the plane of the input aperture of the instrument. The angle ©
taken as being equal to the average angle of aberration.

If one takes the ratio of the currents in the two adjacent
channels, from formula (2), after logarithmlc operation, we shall
obtadn the linear function relative to Tp and Eq- In this way, /T48

T. and EO are determined by solving the linear gquations obtained

P
from the formulas for I(im x)/I(i%ax - 1) and I(lmax)/I(lInax + 1).

a

The formulas obtained for Tp and E do not depend on S, Q and
AEi/Ei. In this approximation, Tp also does not depend on the
angle Q¢ioThe value of EO depends 1little on 0, and the value of
concentration np depends significantly on this angle. As a
result, the values of np obtained only characterize part of the
flow entering the instrument, and are not a concentration of
particles in the generally accepted sense, since they are subject
to fluctuations, linked with changes iIn angle 6, which are not
measured by the instrument.

The temperature of helium which was icnized twice THe and
the ratio of the coefficient of helium to the concentration of
protons n@/hp were calculated similarly to the proton parameters.

The average mass velocity of ilons DfiHe+* was assumed as equalling

7
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Fig. 2.

Graphs of the calculated parameters of solar wind, obtained on the BESM-1
electronic computer, on measurement of solar wind, onboard the Mars-3 spacecraft

from 26 Jun to 10 JUl 1971. Measurements are shown for every 20 minutes. Individual
peaked traces of parameters, especially of ny/n

;are due to undetermined failures
in the computer and the simplicity of the algorgthm for calculating na/np.

Key: a. Nominal units; b. km/sec; c. June; d. July

~



the average veloclty of protons. The contribution of protons
into the readings of corresponding energy channels was cal-
culated by formula (2) on the basis of the values which were
found for parameters«df a proton component.

The results of calculations of the parameters mentioned
were issued for printing and recorded on magnetlc tape for
further processing. Apart from this, the values of the param-
eters obtained can be shown in the form of graphs, depending
onn the time, by using a camera attachment.

In Fig. 2, as an example, are shown graphs of parameters
obtained by this method with measurements from 26 June to 10
Julyl9%¥:. Each dot on the graph of the appropriate parameter /749
was obtained by averaging its value wlth two adjacent spectra,
measured during 1 minute. The time interval between the two

closest dots equals 20 minutes.

The values of np are given in nominal units, since it is
impossible to give an accurate rating for them. As for the
discussed dependence on angle 0, the interpretation in changes

of parameters n_. must be done carefully. Nevertheless, it can

p

be said that during time variations of n in most cases, there

p’
is the well-known dependence between the concentration of
particles and plasma veloclty, consisting in the increase of
concentration of rapid flow on the leading edge (see, for

example, [15]).

The temperature of protons tends to lIncrease wlth velocity;
therefore, temperature peaks often occur for an increasing
veloclty front and variations of temperature are strongest during
velaocity decrease.
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Fig. 3. Histograms of solar wind parameters, built up
on the results of measurement onboard the Mars-3 space-
craft from 16 Jun to 21 Aug 1971. +#Average values are
shown in the figure.

Key: a. km/sec
b. ev

In Fig. 3 are shown veloclty histograms of solar wind, the
temperature of protons and ions of He++, and also the ratio in
the concentration of ions of He++ to fhe concentratlon of protons,
measured from 16 Jun to 21 Aug. The velocity histogram shows a
multipeak structure, which is caused by the flow structure of
sdlar wind, malntained in a general way during more than three
revolutions of the Sun, which occurred during the period of time
taken.

The presence of long-1life flow formatdons also*appéars on’
temperature histograms,as does the ratio of concentrations, but

1Q



they are less marked owing to the great dispersion of the dimensions
and the greafter errors in thelr determlnation.

The average values of parameters on histograms in Fig. 3 was
calculatéd:without taking Into account the dlifference in errors
of average values of frequency of events In each separate interval
-of the averaged dimension, which obviously caused an exaggerated /750
average value in the ratioc of the concentration of He"'+ to the
concentration of ions. In this sectlion, the method described
was used for processing a significant part of the information
obtained by the Mars-3 spacecraft.

Observations of the Geomagnetospheric Traill

buring the perlod from 22 Jul to 8 Aug, an Instrument reccorded
ion spectra, which were quite different from those normally observed
on the track of spectra of ions of solar wind. The Mars-3 space-
craft, at that time, had left point A with a geocentric distance
of 42200 RE’ with an angle of the spacecraft -- Earth -- antisolar
point 15° to point B with a geocentric distance of 3400 Ry and
an angle of spacecraft ~- Earth -- antisclar point 9°, where,
during this period, the spacecraft was 400 Rg lower than %he plane
of the ecliptic (Fig. 4). The most distinguishing features of
spectra observed during this periodrare: 1) a reduction of 1-2 in
the size of ion flows; 2) the appearance of a second maximum in
the energy spectrum, comparable. i.n - size to0' the  finst gr even
exceeding ~._.1it; 3) change 1n the ratio of the positdon of maxima
on the scale(from 2, as was observed in solar wind for proton and
a-peaks to 3; 4) the variability in the shape of spectra during
the measurement time of 1 minute; 5) an increase in the fluctua-
tien of temperature In the flow of ions.

In Fig. 5 are shown some typical spectra of this range.
Similar measurement was interpreted earlier in work [9] as
an intersection of the Earth's geomagnetic trail, _
il
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Wiz, Wg..4. The trajectory of the Mars-3 spacecraft in solar-
ecllptlc coordinates with a center on the Earth {(above: the
projection on the ecliptic plane; below: view from the Sun) .

Distances are shown in radii of the Earth. The dashed line
along the trajectory indicates the range of observation of
disturbed spectra, although the relative frequency of their
ocecurrence and the nature of disturbance are different in
that area. Trajectories of Pioneer-7 and Pioneer-8 are
shown, with the intersection area of the geomagnetospheric
trail, the expected continuation of the geomagnetic tail
(its thickness is approx1mately equal to the diameter of
the tail in the Moon's orbit) and the position of the shock
front with small parameter values.

Key: a. Moon's orbit e. Pioneer-7
b. To the Sun f. Geomagnetospheric trail
¢. Shock front g. Mars-3
d. Pioneer-8 h. Ecliptic

i. 20.VII = 20 Jul [typ.]
""" Before these measurements, the intersection of the Earth's
geomagnetic trail had been observed by two spacecraft, Piloneer-7
and Pioneer-8 [7, 8]. In the Pioneer-7 the phenomena lihked
with the intersection of the geomagnetospheric trail were recorded
at a geocentric distance of 1000 R and 25-28 Rp above the ecliptic
plane. Pioneer-8 intersected the geomagnetiec trail at a geccentrice
distance of 500 Rg, at 8.5-12 Rg above the ecliptic plane [8, 10].

The observed spectra of Lons 1n the disturbed zone of the
gecomagnetéspheric trail and vatdatiions of the spectra coincide

£
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with results obtained by the
Pioneer-7 and Pioneer-8. This

- proves that the character of

disturbances in the trail does

not significantly change at

distances of 500 to 3000 Rg.

The presence of two relatively
stable maxima in energy dis-
tribution, i.e., two veloclty
streams with significantly
different speeds, is difficult
to explain within the framework
of the normal hydrodynamic model
of solar wind.

The 1ength of the disturbance area, which we observed in the
trail zone, is significantly greater than follows from the normal

hydrodynamic model, where this dimension changes as 2

1/3

In the traill zone, quite regular fluctuations of velocity
of plasma flow were observed, which,iin our bellef, are linked
with the modulation of the flow as a result of the interaction
of solar wind with the magnetosphere or Earth's tail. An
example of such regular fluctuationsiis shown 1n Fig. 6.

Observations in the Viecinity of Mars

The Mars-2 and Mars-3 spacecraft, on 27 Oct and 2 Dec 1971,

were shifted from interplanetary trajectories to Mars orbit.

When

thls was done, the orbits of both stations were significantly

different..

Hence, the maximum distance of Mars-3 was more than

200,000 km from the planet and 1ts orblt period was more than

12 days.

The same parameters for Mars—2 were 25,000 km and 17 hours.

Both statlons passed at a distance of 130Q km from the planet -in

13
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the orbit pericenters,
although the orbit of
Mars-3 underwent evolu-
tlon changes from

revolution to revolution
and the smallest distance
at first decreased to
1100 km, and then began
to Increase. During the
whole time that Mars-3
was working, the instru-

LSV NN NN VUM WU JUE WOU N ) ISV Y N W) s U [ Ss S B S
F T N T N AR L N/ S R Y. G 1 (Y A

VN I

ments for measuring the
flows of ions worked

— k.
)

27 4S5 578NN RIS

normally and it was
possible to obtain data
on flows of ions for the
period until April 1972.
Information obtained by
Mars-2 showed that the
majority of the instrument
channels had a high back-
ground noise, which made
it impossible to separate
slpnals from particles
recorded on those channels.
However, the channel
measuring the flows of
ions In the 0.03-0.17 kev
range functioned normally,
and this information

] R

L VoM con

ISR N S Y T N N

S

l 2 . proved a useful supplement

to the results obtained
Fig. 6. An example of regular velocity _ ,
fluctuations (Alveno waves),observed on by Marss3.
the Marsz3 spacecraft in the geomagneto-
spheric trail region.

Key: a. km/sec
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During the majority of revolutlons, the instrument on Mars-3
measured energy spectra,similar to those of solar wind intinter-
planetary space. There was a chaﬁge In €he character of the flow
during all the revolutions of Mars-3 near the pericenter. Here,
there was a sharp decrease in the number of lons, with energy in
the 0.5-2.5 kev range, and ions in the 0.03-0.15 kev range appeared
which had not been observéd earlier. - Flows of lons in this energy
range in solar wind are not normally observed, since the veloclty
of solar wind does not fall below 250 km/sec, and the temperature
is approximately 10 ev. The appearance of ions with an energy
of 0.03-0.15 kev regularly in one area of space around a planet
shows that the spacecraft intersects the interaction zone of '
solar wind with Mars. In Flg. 7 are shown examples of energy
spectraaof lons measured before entering the disturbance zone
{(curve 1) and in the disturbance zone itself (curve 2). The
abrupt increase in veloclty and temperature when entering the
disturbance zone made it possible to interpret these measurements
as the Intersection of the collislonless shock wave near Mars [12].
The computed values of sharp rises in welocity and temperature on /752
the observed spectra (see Fig. 7),allowing for uncertainty in the
Mach number M and 1n the adiabatic index y,do not conflict with
theoretical calculations, based on a hydrodynamic model of flow
around an obstruction [3, 16].

The subsequent investigation was done on the suppositlien that
the area of flow around Mars, in the first approxlmation, is
axially symmetrical to the 1llne from Mars to the Sun. In Fig. 8
are shown observation points of the spectrum, characteristic of
the transient area in the cylindrical coordinates system. The
external boundary of thls zone shows the position of the shock
wave 1In relation to the planet. The internal boundary of the zone
on the diagram does not correspond to the actual boundary of the
streamlined obstruction, since, firstly, the Mars-3 orbit was
quite far from the shadow area and, secondly, on those parts of
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,3. the trajectory approcaching
%i; the planet, instruments
gék . for plasma measurement are
= & usually switched off, in
;a%ﬁ ~favor &f instruments used
| ks ! - for measuring the Martian
M' _ surface.

B

S A I P

On 21 Jan 1972, when
Mars-3 passed closest to
the surface, at n1130 km,
equipment for measuring
plasma and the magnetic
field was switched on when
passing the whole of the

| ] periarion with a 2 min
W%ﬁf—j7f;§m?§ﬁrrﬁﬁﬁﬁ”féﬁj interrogation cycle in
"_"' ' ) order to obtain more
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Fig. 7. Examples of sharp rises in . .
velocity and temperature on a depart- accurate information.

ing shock wave near Mars. 1 - free In Fig. 8, those parts
“flow of ions; 2 - flow of ions behind
the shock wave. Calculated values of of the trajectory which

speed and temperature: a = 9 Jan 1972, are within the shock wave
Vi v~ 500 km/sec; T1 < 15 ev; Vo = 290 . )
km/sec; To = 120 ev; b - 3 Feb 1972, are marked with a dashed
V1 v 450 km/sec; T1 < 20 ev; Vp = 220 line; the part of the
km/sec, Tp = 100 ev.

trajectory when Mars'
magnetic field was
passed 1s indicated by

a s0lid line (see [17]).

Key: a. Count speed, impulses/sec
b. E, ev

The average poslitleon of the front of the shock wave, obtained
by cbserving plasma, corresponds to the position of any point of
an obstruction ~1000 km above the Martian surface. This, as was
sald earlier [13], 1s significantly higher than can be obtalned
by gasokinetlc pressure of the lonesphere. In this way, our
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Fig. 8. Observations from Mars-3

of a spectrum typical of a transient
area, shown in areocentrie cylindri-
c¢al coordinates with the axis

directed towards the Sun. The coordi-
nates of observation polints 1in Decem-
ber 1971 and Aprll 1972 are shown by
small clreles. 1 - the trajectory of
Mars-3 21 Jan 1972, when more detalled
measurement was done; dashed lines -
parts of the trajectory, correspondf
ing to the transient area; solid

line - the area of intensified obser-
vation near Maps' magnetic fileld;

2 —= the trajectory of Mariner-4;

the suggested intersection of the
departing shock wave 1ls shown by a
triangle.

Key: a. Mariner-4, 15 Jul 1965
b. Towards the Sun
c. Mars

information on the sig-
nificant dimension of the
obstruction has something
in common with measure-
ments of Mars' magnetic
field at altitudes greater
than 1100 km [17].

In Fig. 9J3is shown
the power spectrum of ions
measured while the magnetic
field of Mars was being
passed. The corresponding
temperature of ions is
approximately 20 ev, and
the concentration, cal-
culated on the assumption
of 1sotropic distrilibu=: v ,
tion, is' approximately
10 em™3. It would be
Interesting to find out
whether these particles
are a special type of

trapped radiation.

The position of the shock wave near Mars fluctuated considershi/753

ably.

In Fig. 8 the point in the transient area can be seen

during the day, approximately twice as far from the Martian

surface, than the average position of the shock wave.

Information

from Mars-2, which intersected the shock wave several hours before
Mars-3, also showed that, during this time, the shock wave was

farther away than normal.
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In Fig. 8 is also shown

Bl N . that part of the trajectory of
& " Mariner-4 on a Mars flight on
zl_;;; 15 July 1965 [2]. The point

. fior the possible intersection
of the shock wave, determined
by measuring the magnetic fleld,
is marked with a triangle. It
can be seen that measurement
carried out by Mars-3 does not

(B EREAE
s o Tyt

Zt-

i

ool J a8 A aﬁ

Fig. é. Power spectrum of
iong observed on 21 Jan 1972

in the intensified magnetic
area near Mars. Evaluation
of parameters: Tp 20 ev,

np = 10 cm.

Key: a. Count rate,
impulses/sec
b. ev

conflict with the possibility
that Mariner-4 intersected
the departing shock ﬁave near
Mars. x Gl wey

In this way, measurement

carried out made it possible,
firstly, to ascertain the exlstence of a departing shock wawe near
Mars. By the sudden rise in velocity and temperature during the
gap, thls shock wave, apparently, corresponds to the theoretical
calculations [U4} 16] and the departing shock wave near the Earth's
magnetosphere«:[18]. Some anomalies in the power spectrum were
observed in the free flow near Mars, before the shock wave [13],
which can be linked with the fact that the departing shock wawve
is inside the areocorona [19]. However, further analysis of
experimental data is required to confirm thils occurrence.

A second conclusion from the material shown is that the
departing shock wave is formed farther from Mars than follows
from the supposition on the balance of pressure of a flow of
solar wind and ionospheric plasma [4]. This can indicate that
either the dimension of the obstruction is greater than was
supposed (which, at first glance, agrees with measurement of
magnetic field by Mars-2 and Mars=3) [17]), or the external
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Fig. 10. A dlagram of processes

of solar wind flowing around Mars.
See explanations in text.

Key:

R

currents.

Solar wind

Plasma thermalization
Transient area
Recharging

Trapped radiation?
Induction field
Warming-up

Martlan magnetic field
Current system
Pseudomagnet osphere
Tonosphere

Upper atmosphere

atmosphere of Mars has an
Influence on plasma flow
parameters, as was suggested
in work [20].

| The question linked with /754
the magnetic field near the

planet  i8squite complicated,
sincexthe electric field
inducted into the Martian
ionosphere must energize lonos-
The
electrical link of solar wind

pheriec currents [6].

with the lonosphere is brought
about by the diffusion of
particles of solar wind into

the area with an increased
magnetie¢ field near the planet.
The overall size of the magnetic
field is determined by the speed
of dififusion of solar wind and
the dissipation of ionospheric

The posing of the problem and methods for solving 1t are

given in work [6]; however, the problem still rieeds to be solved,

and the contribution of an inducted magnetic field into the observed

area near Mars 1s not known.

near Mars.

In Fig. 10 is given a schematic presentation of+phenomena -3
areas:sor formatlons, diamond
shapes —-- processes, arrows -- possible links.

Rectanges indlcate

y " -

i

¥

At the present time

there ls a preliminary plecture of the structure of space near

Mars and indications of some processes In 1t.

More detalled analysis

19



munustabe carried out into observatlions, and also further study
of plasma phencomena with measurement of magnetic and &lectric
fields and plasma, especially, of ion and mass composition of
hot plasma.

The authors are grateful to R.A. Isayeva for help in pro-
cessing the experimental data.
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